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© Vascular prosthesis, manufacturing method of the same, and substrate for vascular prosthesis. 



© The invention relates to a vascular prosthesis 
wherein, fragments of biological tissues such as vas- 
cular tissues, connective tissues, fat tissues and 
muscular tissues and/or cells composing vascular 
walls such as vascular endothelial cells, smooth 
muscle cells and fibroblast cells are deposited and 
captured within the wall of a vascular prosthesis 
substrate; a manufacturing method comprising the 
steps of immersing a vascular prosthesis substrate 
into a dispersed solution of fragments of biological 
tissues such as vascular tissues, connective tissues, 
fat tissues and muscular tissues and/or cells com- 
posing vascular walls such as vascular endothelial 
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cells, smooth muscle cells and fibroblast cells, and 
depositing and capturing the cells and/or tissue frag- 
ments on the inner wall and within the wall of the 
vascular prosthesis from one side to the other side 
of the vascular prosthesis substrate wall by providing 
a pressure differential between the outside and the 
inside of the vascular prosthesis substrate; and a 
substrate suitable for manufacturing a vascular pros- 
thesis having a porous membrane having pores ca- 
pable of trapping tissue fragments, or a laminate 
structure with such a membrane and another porous 
membrane having pores not large enough to pass 
the ceils or tissue fragments. 
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The present invention relates to a vascular 
prosthesis, methods of manufacturing such a pros- 
thesis and to a substrate suitable for manufacturing 
the prosthesis. More particularly the invention re- 
lates to a vascular prosthesis having tissue frag- 
ments and/or cells adhered to and captured within 
the wall of the prosthesis, to methods of manufac- 
turing such a vascular prosthesis and to substrates 
suitable for manufacturing such vascular pros- 
theses. 

Various vascular prostheses are known. Some 
are made of synthetic polymers such as poly- 
tetrafluoroethylene or polyester. Others are made 
of human cord veins, animal blood vessels and of 
various biological tissues crossllnked with glutaral- 
dehyde as the crosslinking agent. When such vas- 
cular prostheses are placed in a mammalian or 
human body, the inner walls of the prostheses 
become coated with endothelial cells, which pos- 
sess antithrombotic properties for preventing blood 
clotting and deposition of thrombus on the inner 
walls. 

In actual clinical applications, however, coating 
by the endothelial cells is usually extremely de- 
layed . and, in most cases, only the area of the 
anastomosis of the vascular graft becomes covered 
with endothelial cells while positions remote from 
the anastomosis are not covered. Accordingly, 
thrombus deposits form on the inner wall of the 
vascular prosthesis, blocking the vascular graft. 

In order to prevent this problem, it is known to 
introduce endothelial cells onto the inner wal! of the 
vascular graft in advance. For example endothelial 
cells cultivated in vitro are deposited onto the 
inner wall of the prosthesis by various techniques. 
However, when a prosthesis so obtained is trans- 
planted into the body of a mammal, the graft is 
dilated by blood pressure, causing cracks in the 
cell deposits. The cells can then separate and be 
washed away by the blood flow. As a result, this 
technique has not been clinically applied. 

It is an object of the invention to provide a 
substrate suitable for obtaining vascular prostheses 
free from the above defects having various tissue 
fragments and/or cells deposited and captured 
within the walls of the prosthesis. 

It is an additional object of the invention to 
provide a vascular prosthesis obtained by deposit- 
ing and capturing various tissue fragments and/or 
cells within walls of such a suitable substrate. 

It is a further object of the invention to provide 
a method of manufacturing vascular prostheses 
having various tissue fragments and/or cells depos- 
ited and captured on and within the walls of the 
prosthesis. 

To achieve the above objects, the invention of 
the present application relates to a vascular pros- 
thesis where fragments of biological tissues such 



as vascular tissue, connective tissues, fat tissues 
and muscular tissues; cells of vascular walls such 
as vascular endothelial cells, smooth muscle ceils 
or fibroblast cells; and mixtures of biological tissue 

5 fragments, mixtures of vascular wall cells or mix- 
tures of biological tissue fragments and vascular 
wall cells are deposited and captured at least within 
a wall of the vascular prosthesis substrate. The 
term "and/or" as used throughout this specification 

10 is meant to encompass various combinations. 

In order to further achieve the above objects, a 
manufacturing process is described which com- 
prises the steps of immersing a vascular prosthesis 
substrate in a disperse solution of fragments of 

75 biological tissues such as vascular tissues, connec- 
tive tissues, fat tissues and/or cells composing vas- 
cular walls such as vascular endothelial cells, 
smooth muscle cells or fibroblast cells, and depos- 
iting and capturing the cells and/or tissue frag- 

20 ments within the walls of the prosthesis substrate 
by providing a pressure differential between the 
inside and the outside of the prosthesis substrate. 

In order to further achieve the above objects, a 
substrate suitable for manufacturing such a vascu- 

25 lar prosthesis is described. The substrate can com- 
prise a porous membrane having pores capable of 
trapping tissue fragments or cells therein. The sub- 
strate can be a laminate structure of such a porous 
membrane and another porous membrane having 

30 pores not large enough to allow the tissue frag- 
ments or cells to pass through. 

The biological tissue fragments and/or cells 
comprising the blood vessel described herein are 
deposited and captured on and within the wall of 

35 the prosthesis and can extend from one side to the 
other side of the wall. This concept differs from the 
prior art technique of depositing cells only on the 
inner surface of the vascular prosthesis. 

In the present invention, the biological tissue 

40 fragments and/or cells are introduced through the 
mesh structure of the substrate of the vascular 
prosthesis from outside or inside of the vascular 
prosthesis and, therefore, they are entangled within 
the mesh structure of the wall of the vascular 

45 prosthesis. Accordingly, in spite of high blood pres- 
sure or rapid blood flow, peeling of tissue frag- 
ments or cells, or cracks among cells can be 
avoided and, moreover, unlike a conventional cloth- 
made vascular prosthesis, the prosthesis of the 

50 present invention is free from preclotting operations 
such as treating with blood to form a rigid fibrin 
layer. 

Furthermore, in the present invention, when the 
patient's (i.e., a mammal including humans) own 
55 tissues are used as tissue fragments and vascular 
wall cells, the procedure represents an autograft 
and is completely free from rejection by the pa- 
tient's body, so that a preclotting operation is not 
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needed. 

The invention is described in further detail be- 
low. First, the vascular prosthesis substrate accord- 
ing to the present invention is described. Materials 
comprising the substrate for the vascular prosthesis 
of the invention are not particularly limited and may 
include, among others, polyester, nylon, poiyure- 
thane, polytetrafluoroethylene, polycarbonate, 
polyacetate, polyvinyl alcohol, cellulose derivatives 
and other fibers made into tubular structures by 
weaving or knitting or by nonwoven membrane 
forming. The substrate can also comprise a porous 
tubular structure formed by drawing, for example, 
polytetrafluoroethylene tubing. 

The substrate for the vascular prosthesis may 
be structured either as a single layer of porous 
membrane having pores capable of trapping tissue 
fragments, or as a double layer structure compris- 
ing such a porous membrane, together with an- 
other porous membrane having holes or pores not 
large enough to allow the cells or tissue fragments 
to pass therethrough. 

The size of the pores capable of trapping tis- 
sue fragments varies with the size of fragments 
and, generally, these pores should have a per- 
meability corresponding to at least 400 
cc.min/cm 2 M20 mmHg. The size of pores not 
large enough to permit passing of the cells or 
tissue fragments therethrough generally have a 
permeability corresponding to at most 300 cc. 
min/cm 2 M20 mmHg. 

The permeability is expressed as the passing 
of the given volume of water per unit area of 1 cm 2 
per minute at a water pressure corresponding to 
120 mmHg, and the porous membranes can be 
classified into three grades by their permeability. 
The grade with a permeability of 400 
cc.min/cm 2 '120 mmHg or less is a low porous 
membrane; the grade with a permeability of 400 to 
1800 cc*min/cm 2 *120 mmHg is a medium porous 
membrane, and the grade with a permeability over 
1800 cc # min/cm 2 *120 mmHg is a high porous 
membrane. In the present invention, substrates for 
vascular prostheses can include the medium or 
high porous membranes when used in a single 
layer structure. In a double layer laminate structure, 
the medium or high porous membranes can be 
used for the outer side or layer and the low porous 
membranes can be used for the inner side or layer, 
or the medium or high porous membranes can be 
used for the inner side or layer and low porous 
membrane can be used for the outer side or layer. 

As is apparent in this description, the term 
"membrane" is not limited. This term is inclusive of 
biologically acceptable materials of cloth, whether 
these materials are woven, knitted or otherwise 
manufactured. This term also encompasses materi- 
als other than cloth, whether woven or otherwise 



manufactured, the criteria being that the materials 
are porous with a permeability as described above, 
and that said materials will trap or otherwise cap- 
ture tissue fragments and vascular cells as de- 

5 scribed within this disclosure. 

As noted, substrates for vascular prostheses 
can be manufactured by weaving or knitting fibers, 
or can be membranes of nonwoven cloth; but in the 
case of a substrate having a double layer structure 

io it is preferred to manufacture only one side or layer 
by such methods, and to use a low porous mem- 
brane made by weaving fine fibers for the other 
side or layer. 

In the substrate for the vascular prosthesis of 

75 the invention, the outer surface or layer can be 
made of non-absorbing material and the inner sur- 
face or layer can be made ofbio-absorbing ma- 
terial. Examples of bio-absorbing mate/ial include 
collagen, polylactic acid, poiybutyric acid, chitin- 

20 chitosan, or their derivatives. 

The vascular prosthesis of the present inven- 
tion has the biological tissue fragments or cells 
deposited thereon and captured therein in a man- 
ner so that the biological tissue fragments or cells 

25 are deposited and captured within the wall and/or 
on the inner surface of the vascular prosthesis 
substrate. This promotes the growth of endothelial 
cells and, in particular, by the depositing and cap- 
turing autotissue fragments, it is possible to provide 

30 environments advantageous for the formation of 
endothelial cells on the inner surface of the vascu- 
lar prosthesis. It is therefore desirable to collect 
tissue fragments or cells from the host mammal 
near the transplantation, and then disperse the col- 

35 lected tissue fragments or cells in an isotonic solu- 
tion suited to the preservation of the collected cells 
and tissue fragments, such as a physiological sa- 
line solution. The collecting and culturing of the 
tissue fragments and/or cells can be carried out in 

40 a well-known manner. Thereafter, the isotonic solu- 
tion of collected cells and/or tissue fragments is 
used in the manufacture of the vascular prostheses 
of the invention. When the substrate of the vascular 
prosthesis has a double layer structure, by provid- 

45 ing one side or layer with a coarse mesh structure 
and the other side or layer with a fine porous 
structure, the tissue fragments and/or cells can be 
efficiently trapped within the vascular prosthesis. 
The manufacturing method according to the 

50 invention comprises the steps of immersing the 
substrate for the vascular prosthesis in a disperse 
solution of biological tissue fragments such as vas- 
cular tissues, connective tissues, fat tissues and 
muscular tissues and/or cells such as vascular en- 

55 dothelial cells, smooth muscle cells and fibroblast 
cells; and depositing and capturing the cells and/or 
tissue fragments within the wall and on the inner 
surface of the vascular prosthesis substrate wall 
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from the outside and/or the inside of the vascular 
prosthesis substrate by providing a pressure dif- 
ferential between the outside and the inside of the 
substrate. The interior space of the vascular pros- 
thesis can be vacuumized or can be pressurized, 
and the cells and/or tissue fragments are deposited 
and captured in and on the walls either outside or 
inside of the prosthesis substrate. 

In the present invention, it is desired to use the 
substrates as mentioned above, but the present 
invention is not particularly necessary to these sub- 
strates. Especially when capturing tissue frag- 
ments, it is sufficient to use a high porous layer 
alone, and a low porous layer is not necessarily 
required on the inner surface of the high porous 
layer. 

For convenience of handling, it is preferable to 
use fragments of biological tissues of about 3 mm 
or less. Such fragments or cells are dispersed in 
physiological saline solution at a concentration of 
less than 50 wt/wt%. 

The substrate for the vascular prosthesis is 
immersed in the dispersed solution, and a pressure 
differential is provided between the inside and the 
outside of the substrate. For example, the substrate 
is immersed in the dispersed solution of tissue 
fragments or cells, and the interior of the prosthesis 
substrate is vacuumized. Alternatively, the sub- 
strate can be placed into a flexible bag filled with 
the dispersed solution of tissue fragments or cells, 
and pressure is applied from outside. 

Fig. 1 is an explanatory drawing of an assem- 
bly which can be used in the manufacturing meth- 
od of the present invention. In the figure, a sub- 
strate for a vascular prosthesis 1 is provided within 
a transparent bag 2, such as a polyvinyl chloride 
bag. A vinyl chloride or silicon tube 3 which can 
have an undulating surface formed, for example, by 
spirally winding a wire 4 about the surface of the 
tube 3 is provided within the substrate 1 . The tube 
3 has one closed end and numerous tiny holes 
therein for permitting a pressure differential to be 
established through the substrate 1. The ends of 
the bag 2 are closed by, for example, a ties 5, so 
as to enclose both ends of the substrate 1 about 
ends of the tube 3. The other end of the tube 3 is 
connected to syringe 6 through a stopcock 7. A 
piston having a stem (not shown) can be provided 
in the syringe 6 for applying a vacuum or pressure 
within tube 3 and thereby to the inner surface of 
substrate 1 by pulling or pushing the piston within 
syringe 6. A tube 8 of, for example, silicon rubber 
can be inserted between the bag 2 and the sub- 
strate 1 at the end thereof next to the stopcock and 
secured with tie 5. With this arrangement, an inner- 
outer bag assembly is provided for subjecting the 
substrate 1 to a pressure differential perpendicular 
to its surface, namely in an radial direction. For 



example, tube 8 can be used for supplying cells or 
tissue fragments to the exterior of substrate 1 and 
interior portion of the inner bag 2 can be placed 
under a vacuum through action of syringe 6 and 

5 stopcock 7 or the like, so that the entire assembly 
can be uniformly subjected to a vacuum. Alter- 
natively, tube 8 can be connected a vacuum 
source for creating a lower pressure on the exterior 
of substrate 1 when compared to the interior of 

10 substrate 1, and cells or tissue fragments can be 
supplied from syringe 6 through stopcock 7. Fur- 
ther, a combination of the above two procedures of 
alternatively placing one of the interior or exterior 
of substrate 1 under a lower pressure relative re- 

75 spectively to the exterior or interior of the substrate 
1, and then placing the other of the interior or 
exterior of the substrate 1 under a lower pressure 
relative respectively to the exterior or interior of the 
substrate 1 , can also be used. 

20 The above-described inner-outer bag assembly 

can also be operated by slightly opening the stop- 
cock 7 before the syringe 6, supplying cells or 
tissue fragments to the exterior of substrate 1 
through tube 8, and rubbing bag 2 by hand to 

25 pressurize the bag 2. This results in the cells or 
tissue fragments being deposited and captured 
within the walls of the vascular prosthesis substrate 
1. The vascular prosthesis of the invention need 
not only be used as a mere substitute for blood 

30 vessels, but also as prosthetic materials for filling 
up defective position of the body such as myocar- 
dium and peritoneum, by cutting the vascular pros- 
thesis open into a membranous form. 

35 

Example 1 

A fibrous collagen solution was applied to the 
inner surface of a polyester cloth tube with an 

40 inside diameter of 8 mm, a length of 50 mm, and a 
porosity of 1800 cc/cm 2 *120 mmHg and dried in 
air. A vascular prosthesis substrate having an inner 
layer of a low porosity membrane of collagen was 
formed. The collagen was crosslinked to be insolu- 

45 ble by using a polyepoxide crosslinking agent rath- 
er than the glutaraldehyde of the prior art. Repre- 
sentative polyepoxy crosslinking agents which can 
be used in the present invention include poly- 
glycidyl ethers of glycerols (polymerization degree 

50 of 1-3), polyglycidyl ethers of polyols and, in par- 
ticular, glycerol diglycidyl ether, glycerol triglycidyl 
ether, diglycerol tetraglycidyl ether, and 
ethyleneglycol glycidyl ether. In this example, poly- 
ethylene glycol diglycidyl ether having a polymer- 

55 ization degree of 1 (Denacol EX-810, Nagase Kasei 
Kogyo K.K., Osaka) was used. The rate of crosslin- 
king is measured as a rate of reaction of €-amino 
groups on the side chains of the collagen. By 



4 



4 




7 EP 0 393 788 A2 8 



adjusting the rate of crosslinking, collagen mem- 
branes can be obtained, having various degrees of 
solubility or biodegradability after implantation. 

One end of the prosthesis substrate was ligat- 
ed and a vinyl chloride tube was inserted from the 
other, and while applying a vacuum to the interior 
of the vinyl chloride tube, the prosthesis was 
placed into an endothelial cell suspension, thereby 
accumulating and capturing a groat quantity of 
endothelial cells above the collagen membrane, 
namely, between the collagen membrane and the 
polyester cloth tube. The polyester cloth tube as- 
sisted in holding the endothelial cells in place, 
because endothelial cells are trapped and held by 
the pores of the polyester cloth tube. Optical mi- 
croscopic findings disclosed that the endothelial 
cells were gathered at high concentrations by this 
procedure. After loosening the ligated end of the 
prosthesis, the prepared vascular prosthesis was 
implanted in the thoracic descending aorta of a 
grown dog. After implanting, the endothelial cells 
were not washed away. Three weeks after the 
implant, numerous colonies of endothelial cells 
were observed in the inner surface of the vascular 
prosthesis, and deposits of thrombus were not 
noted. Three months after implanting, the collagen 
membrane disappeared, the inside of the vascular 
prosthesis was completely covered with endothelial 
cells, and multiple fibroblast cells invaded the neo- 
plastic vascular wall. Capillary vessels also invaded 
to form a new vascular wall. 



Example 2 

Using the method of Example 1, a fibroblast 
suspension was used in place of the endothelial 
cells of Example 1. Fibroblasts were accumulated 
and captured above the collagen membrane inside 
a vascular prosthesis in the same manner as in 
Example 1. The vascular prosthesis was implanted 
into the thoracic descending aorta of a grown dog. 
Immediately after implanting, the inside surface 
was covered with a fresh fibrin layer, but above the 
collagen membrane, the fibroblasts were not 
washed away. Three weeks after implanting, innu- 
merable fibroblasts were seen inside the prosthetic 
vascular wall, and invasion of capillary vessels from 
outside was also noticed. The inside wall in the 
vicinity of the anastomosis was already covered 
with endothelial cells, and multiple smooth muscle 
cells, fibroblasts and capillary vessels were noted 
inside the wall. 



Example 3 

Using the operations of Example 2, smooth 



muscle cells were used instead of fibroblasts. 
Smooth muscle cells were accumulated above the 
collagen membrane inside the vascular prosthesis. 
When this vascular prosthesis was implanted in the 
5 thoracic descending aorta of a grown dog, results 
similar to Example 2 were obtained. 



Example 4 
10 — - 

Using the method of Example 1, a mixed cul- 
ture broth of endothelial cells and fibroblasts was 
used instead of the endothelial cells of Example 1 . 
Fibroblasts and endothelial cells were accumulated 
75 and captured above the collagen membrane inside 
the vascular prosthesis. This vascular prosthesis 
was implanted in the thoracic descending aorta of a 
grown dog, and results similar to Example 1 were 
obtained. 

20 

Example 5 

Using the method of Example 1, a mixed cul- 
25 ture broth of endothelial cells and smooth muscle 
cells was used instead of the endothelial cells of 
Example 1. Fibroblasts and smooth muscle cells 
were accumulated and captured above the collagen 
membrane inside the vascular prosthesis. This vas- 
30 cular prosthesis was implanted in the thoracic de- 
scending aorta of a grown dog, and similar. results 
were obtained. 



35 Example 6 

A tubular substrate was prepared by applying a 
fibrous collagen solution to the inside surface of a 
polyester cloth vascular prosthesis measuring 4 

40 mm in inside diameter and 6 mm in length, and 
was dried in air to form a porous membrane of 
collagen. The collagen was impregnated with prot- 
amine sulfate solution, and was crosslinked to be 
insoluble by using a polyepoxy compound 

45 (Denacol EX-8 10, Nagase Kasei Kogyo K.K., Osa- 
ka). It was then put into a heparinized solution to 
apply protamine to the inside collagen membrane 
to be bonded with heparin ions (See U.S. Patent 
No. 4,806,595 which is incorporated herein by ref- 

50 erence). By this operation, the inner surface was 
endowed with the antithrombotic property of 
heparin sustained-slow release agent. 

One end of the substrate was ligated, a vacu- 
um was applied from the other end, and the pros- 

55 thesis put into an endothelial cell suspension. En- 
dothelial cells were abundantly accumulated and 
captured above the collagen membrane. Optical 
microscopic findings disclosed that endothelial 
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cells were collected at high concentration by this 
operation. 

The ligation was removed and the vascular 
prosthesis was implanted in the carotid artery of a 
grown dog. Immediately after implantation, the inte- 
rior surface was completely free from thrombus 
deposit, and the endothelial cells were not washed 
away and remained in place above the collagen 
membrane. Three weeks after implantation, innu- 
merable colonies of endothelial cells were ob- 
served inside tho vascular prosthesis, and deposit 
of thrombus was not noticed. 

Three months after implantation, the collagen 
membrane disappeared, the inside of the vascular 
prosthesis was completely covered with endothelial 
cells, and multiple fibroblasts invaded the neoplas- 
tic vascular wall, as did capillary vessels, and a 
new vascular wall was completed. 



Example 7 

Using fibroblasts in place of the endothelial 
cells of Example 6 and using the same procedures 
as Example 6, fibroblasts were accumulated and 
captured inside the vascular prosthesis. 

The vascular prosthesis was implanted in the 
carotid artery of a grown dog, and an anticlotting 
therapy was given for three weeks during and after 
implantation. As a result, immediately after im- 
plantation, deposit of thrombus. was not observed 
on the collagen membrane inside the vascular 
prosthesis. Above the collagen membrane, the 
fibroblasts present at the time of implantation were 
not washed away, an invasion of capillary vessels 
from the outer membrane side was noted, and a 
covering of endothelial cells was already noted in 
the vicinity of the anastomosis. Three months after 
implantation, the collagen membrane was com- 
pletely eliminated, and the inside of the vascular 
prosthesis was completely covered with endothelial 
cells. Inside the wall, multiple smooth muscle cells, 
fibroblasts and capillaries were noted, and a new 
vascular wall was formed. 



Example 8 

Instead of the fibroblasts of Example 7, smooth 
muscle cells were used in the same manner as in 
Example 7. Smooth muscle cells were accumulated 
and captured above the collagen membrane inside 
the vascular prosthesis. 

The thus prepared vascular prosthesis was im- 
planted in the carotid artery of a grown dog, and an 
anticlotting therapy was given for three weeks dur- 
ing and after implantation. As a result, right after 
implantation, thrombus deposit was not seen on the 



collagen membrane inside the vascular prosthesis. 
Above the collagen membrane, the smooth muscle 
cells present at the time of implantation were not 
washed away. Three weeks after implantation, nu- 

s merous smooth muscle cells were observed in 
various positions in the vascular prosthesis, an 
invasion of capillary vessels from the outer mem- 
brane side was noted, and a covering of endothelial 
cells was noted inside in the vicinity of the an- 

10 astomosis. Three months after implantation, the 
collagen membrane was completely covered wfth 
endothelial cells. Inside the wall, multiple smooth 
muscle cells, fibroblasts and capillary vessels were 
observed, and a new vascular wall was completed. 

75 

Example 9 

A vascular prosthesis was prepared as in Ex- 
20 ample 6, except that a mixed culture broth of 
endothelial cells and fibroblasts was used instead 
of the endothelial cells in Example 6. The pros- 
thesis was implanted in the carotid artery of a 
grown dog as in Example 6. and immediately after 
25 implantation no thrombus formation or deposit was 
noted. Three months after implantation, the col- 
lagen membrane had disappeared, the inside of the 
vascular prosthesis was completely covered with 
endothelial cells, and multiple fibroblasts invaded 
30 into the neoplastic vascular wall, as did capillary 
vessels. 



Example 10 

35 

Using the procedures of Example 9, a mixed 
culture broth of endothelial cells and smooth mus- 
cle cells was used in place of the mixed culture 
broth of endothelial cells and fibroblasts. The vas- 
40 cular prosthesis thus prepared v/as implanted in 
the carotid artery of a grown dog. Three months 
after implantation, a new vascular wall was com- 
pleted. 

45 

Example V\_ 

One end of a polyester cloth vascular pros- 
thesis of 8 mm inside diameter, 5.7 cm in length 

so and 1800 cc/cm 2# 120 mmHg in porosity was ligat- 
ed. About 5g of subcutaneous connective tissues 
were collected from a grown dog, cut into small 
pieces by a surgical knife in a Petri dish, a phys- 
iological saline solution was added, and a connec- 

55 tive tissue fragment suspension was thus prepared. 
The vascular prosthesis ligated at one end was 
placed into this solution, and a vacuum was applied 
from the other end in order to deposit a large 
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volume of connective tissue fragments in the wall 
of the vascular prosthesis. By optical microscopic 
examinations, it was observed that connective tis- 
sue fragments having countless fibroblasts and 
capillary vessels were abundantly captured by this 
operation within the gaps of fibers of the vascular 
prosthesis. 

The vascular prosthesis was implanted in the 
thoracic descending aorta of the same grown dog 
from which the subcutaneous connective tissues 
were collected. Immediately after implantation, the 
tissue fragments were not washed away. A thin 
layer of fresh thrombus and fibrin were deposited 
on the inner wall. Three weeks after implantation, 
there were colonies of endothelial cells inside the 
vascular prosthesis, and numerous fibroblasts and 
capillary vessels were noted inside the prosthetic 
vascular wall. Three months after implantation, the 
inner surface was completely covered with an en- 
dothelial cell layer, and- innumerable smooth mus- 
cle cells, fibroblasts and capillary vessels invaded 
into the neoplastic vascular wall, and a new vascu- 
lar wall was thus completed. 



Example 12 

Five pieces of venous sections of 3 to 4 cm in 
length were collected from a grown dog. In this 
case, varix may be formed in the venous pieces, or 
very thin pieces without branches in the peripheral 
area could also be sampled. These pieces were cut 
into small sections by using a surgical knife in a 
Petri dish, a physiological saline solution was ad- 
ded, and a venous tissue fragment suspension was 
thus prepared. 

One end of a polyester vascular prosthesis 
substrate having a fine mesh structure with sur- 
faces made fluffy by abrasion having a high porous 
surface outside and medium porous surface inside, 
and with an inside diameter of 8 mm, a length of 
5.7 cm and a water porosity of 1800 cc/cm 2 "120 
mmHg was ligated, put into the prepared venous 
tissue fragment suspension, and a vacuum was 
applied to the inner space from the other end, 
thereby abundantly depositing and capturing tissue 
fragments inside the prosthetic vascular wall. By 
optical microscopic examination, it was observed 
that venous tissue fragments having innumerable 
endothelial cells, smooth muscle cells and 
fibroblasts were abundantly captured in the gaps or 
pores between the fibers of the prosthesis, espe- 
cially at the inner surface side. 

The vascular prosthesis was implanted in the 
thoracic descending aorta of the same grown dog 
from which the venous sections were collected, 
and immediately after implantation, the tissue frag- 
ments were not washed away. In the inner surface, 



a thin layer of fresh thrombus and fibrin was de- 
posited. Three weeks after implantation, there were 
multiple colonies of endothelial cells inside the 
vascular prosthesis, and countless fibroblasts and 

s capillary vessels were noted inside the prosthetic 
vascular wall. Three months after implantation, the 
inside was completely covered with an endothelial 
cell layer, and innumerable smooth muscle cells, 
fibroblasts and capillary vessels invaded the neo- 

w plastic vascular wall, and a new vascular wall was 
completed. 

Example 13 

75 — — 

A vascular prosthesis was prepared as in Ex- 
ample 12, except that subcutaneous connective 
tissues were used. The prosthesis was implanted in 
the descending aorta of the same grown dog as in 

20 Example 12, and results similar to Example 11 
were obtained. 



Example 14 

25 

In the method of depositing and capturing the 
tissue fragments of Example 12 on the vascular 
prosthesis substrate, the syringe used for applying 
a vacuum to the inner space was also filled with 

30 tissue fragment suspension, and by moving a pis- 
ton positioned within the syringe, the tissue frag- 
ments were deposited and captured from both in- 
side and outside of the substrate. When it was 
implanted in the descending aorta of a grown dog 

35 as in Example 12, the same results as in Example 
12 were obtained. 

The features of the vascular prosthesis sub- 
strate, the vascular prosthesis itself, and the manu- 
facturing method of the invention may be summa- 

40 rized as follows. 

1. The vascular prosthesis substrate of the 
invention is intended to deposit and capture tissue 
fragments and/or cells from inside or outside of the 
prosthesis by becoming entangled within and in- 

45 side the wall of the prosthetic vascular substrate. 
Therefore, immediately after implanting this vascu- 
lar prosthesis in the body of a mammal, the tissue 
fragments and/or cells will not separate, a new 
vascular wall is completed in three months after 

so implantation, and the success rate of implantation 
is higher than in the prior art. 

2. In the vascular prosthesis of the invention, 
since the tissue fragments are entangled within the 
prosthetic vascular wall, preclotting as required in 

55 the prior art is not necessary, and therefore it can 
be used in cases of emergency. Further, by using 
the tissues of the mammal receiving the prosthesis 
implant, the prosthesis is usable as an autograft, 
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without fear of rejection. 

3. The vascular prosthesis of the invention, 
which is unlike conventional vascular prostheses 
prepared by cell seeding because tissue fragments 
or cells are entangled in the prosthetic vascular 
wall from the inner side of the prosthesis or from 
the outer side. Thus, the vascular prosthesis of the 
present invention can be used, for example, in the 
surgical field. 

4. The vascular prosthesis of the invention, 
when compared with conventional structure, is 
more quickly covered by endothelial cells after 
implantation, namely in about three weeks, and the 
vascular tissues are completed in about three 
months. 



Claims 

1. A vascular prosthesis comprising a porous 
substrate and one of fragments of biological tis- 
sues, vascular cells and combinations thereof de- 
posited and captured by pores within the substrate. 

2. The prosthesis of claim 1 , wherein the frag- 
ments of biological tissues comprise vascular tis- 
sues, connective tissues, fat tissues and muscular 
tissues, and the vascular cells comprise vascular 
endothelial cells, smooth muscle cells and 
fibroblast cells. 

3. A vascular prosthesis comprising a substrate 
having a laminate structure of higher porosity layer 
and a lower porosity layer, the higher porosity layer 
having one of fragments of biological tissues, vas- 
cular cells and combinations thereof are deposited 
and captured by its pores, and the lower porosity 
layer being impermeable to passage of the tissue 
fragments and vascular cells therethrough. 

4. The vascular prosthesis of claim 3, wherein 
the lower porosity membrane comprises insolubliz- 
ed collagen. 

5. The vascular prosthesis of claim 3, wherein 
the fragments of biological tissues comprise vascu- 
lar tissue, connective tissues, fat tissues and mus- 
cular tissues, and the vascular cells comprise vas- 
cular endothelial cells, smooth muscle cells and 
fibroblast cells. 

6. A substrate for a vascular prosthesis com- 
prising a porous membrane having a permeability 
of at least 400 cc ■ min/cm 2 * 1 20 Hg with pores 
capable of trapping tissue fragments or cells there- 
in. 

7. A substrate for a vascular prosthesis having 
a laminate structure comprising (1) a layer of a 
porous membrane with pores having a permeability 
of at least 400 cc.min/cm 2# t20 Hg and capable of 
trapping tissue fragments or cells therein, and (2) a 
low porosity membrane impermeable to passage of 
the tissue fragments or cells therethrough. 



8. A process for manufacturing a vascular pros- 
thesis which comprises immersing a porous vascu- 
lar prosthesis substrate into a dispersed solution of 
one of biological tissue fragments, vascular cells 

5 and combinations thereof; providing a pressure dif- 
ferential between the inside and the outside of the 
substrate; and depositing and capturing the one of 
tissue fragments, vascular cells and combinations 
thereof at least within pores of the substrate by 

10 introducing the disperse solution to a lower pres- 
sure side of the substrate. 

9. A process for manufacturing a laminated 
vascular prosthesis comprising the steps of: 

1) applying to a surface of a porous vascular 
75 prosthesis substrate a layer of a biologically ac- 
ceptable material having pores impermeable to 
passage of biological tissue fragments, vascular 
cells and combinations thereof; 

2) providing a pressure differential between 
20 the inside and the outside of the laminated sub- 
strate; 

3) immersing the laminated substrate into a 
dispersed solution of one of the biological tissue 
fragments, vascular cells and combinations thereof 

25 for depositing and capturing the tissue fragments, 
vascular cells and combinations thereof at least 
within the wall of the substrate and between the 
substrate and the layer. 

10. The process of claim 9, wherein the layer 
30 of biologically acceptable material is insolublized 

collagen and is placed on the inner surface of the 
porous vascular prosthesis substrate. 

11. The process of claim 8, wherein the bio- 
logical tissue fragments comprise vascular tissues, 

35 connective tissues, fat tissues and muscular tis- 
sues, and the vascular cells comprise vascular 
endothelial cells, smooth muscle cells and 
fibroblast cells. 

12. The process of claim 9, wherein the bio- 
40 logical tissue fragments comprise vascular tissues, 

connective tissues, fat tissues and muscular tis- 
sues, and the vascular cells comprise vascular 
endothelial cells, smooth muscle cells and 
fibroblast cells. 

45 
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© The invention relates to a vascular prosthesis 
wherein, fragments of biological tissues such as vas- 
cular tissues, connective tissues, fat tissues and 
muscular tissues and/or cells composing vascular 
walls such as vascular endothelial cells, smooth 
muscle cells and fibroblast cells are deposited and 
captured within the wall of a vascular prosthesis 
substrate (1); a manufacturing method comprising 
the steps of immersing a vascular prosthesis sub- 
strate into a dispersed solution of fragments of bio- 
logical tissues such as vascular tissues, connective 
tissues, fat tissues and muscular tissues and/or cells 
composing vascular walls such as vascular endothe- 
lial cells, smooth muscle cells and fibroblast ceils, 
and depositing and capturing the cells and/or tissue 
fragments on the inner wall and within the wall of the 
vascular prosthesis from one side to the other side 
of the vascular prosthesis substrate wall by providing 
a pressure differential between the outside and the 
inside of the vascular prosthesis substrate; and a 
substrate suitable for manufacturing a vascular pros- 
thesis having a porous membrane having pores ca- 
pable of trapping tissue fragments, or a laminate 
structure with such a membrane and another porous 
membrane having pores not large enough to pass 



the cells or tissue fragments. 
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